Water availability is a fundamental condition for sustainable agriculture. However, a satisfactory water condition is not always possible in terms of quantity and quality in certain regions, such as the Brazilian semi-arid region. Thus, the purpose of this extremely important research was to evaluate the growth of cv. All Big with six combinations of wastewater plus saline (WW + SW) and two nutrient solution percentages, in a low-cost hydroponic system. The experiment was carried out in a greenhouse at the Department of Agricultural Engineering at Federal University of Campina Grande. A completely randomized experimental design was used, with treatments arranged in a factorial scheme (6 × 2), with 5 replications, being the treatments composed by the combination of six proportions of wastewater with saline water (50%/50%; 60%/40%; 70%/30%; 80%/20%; 90%/10%; 100% of wastewater) and two nutrient solution concentration (80% and 100%), totalizing 60 experimental units. The biometric variables were analyzed at 55 and 96 days after sowing, namely: plant height (PH), stem diameter (SD), leaf number (LN) and leaf area (LA). The interaction between the concentration of the nutrient solution and the ratio of the saline water with wastewater was influenced in the behavior of peppers (cv. All Big) biometric variables. The nutrient solution prepared at 80% of its normal concentration had better performance in the development of plants when mixed with the proportions of water containing more wastewater. The proportion 30% saline water and 70% wastewater (30/70) with concentration of 80% of the nutrient solution obtained better satisfactory results in the studied biometric variables.
Introduction
Water availability is a fundamental condition for sustainable agriculture. However, a satisfactory water condition is not always possible in terms of quantity and quality in certain regions, such as the Brazilian semi-arid region, due to its rainfall index, high evapotranspiration rates and geological formation [1] . In this region, the use of inferior water quality (water with excess salts and/or waste water) for the irrigation of the crops has been used as a strategy to coexist with the scarcity of water resources. However, it is necessary to search for technologies that promote the rational use of these waters in plant production reducing negative environmental impacts. One of these technologies is the cultivation in the hydroponic system that according to [2] refers to an alternative technique of plant cultivation with balanced nutrient solution in the absence or presence of natural or artificial substrates.
However, according to [3] the use of conventional hydroponics has some disadvantages in small rural communities, such as the high initial cost, the risk of loss of the crop due to problems related to electric energy, the need for specialized manpower and the ongoing monitoring in response to the nutritional solution that requires special management care, as well as market issues, incompatible with family farming, vulnerability and the degree of decapitalization of family farmers.
In this sense, hydroponic systems with closed circulation can make possible the use of lower quality water, such as wastewater, because preventing the direct application of these waters to the soil avoids the direct contact of the man with these waters and promotes the use of nutritional support. However, even under hydroponic conditions, it cannot dispense techniques that mitigate the deleterious effects of excess salts on these waters, such as the mixing of the wastewater and/or saline water with rainwater [4] .
The capsicum (Capsicum annuum L.), belonging to the Solanaceae family, is one of the five crops with the highest area under protected cultivation, both in Brazil and in several countries due to the great productivity and quality of the fruits [5] . However, in order to ensure these advantages, it is necessary to adapt the management to the protected environment, especially in relation to water supplementation, since the pepper is very demanding in water and is considered moderately sensitive to salinity.
In a protected environment, it is possible to produce pepper during the whole year. However, because hydroponics is a recent cultivation technique, there are few studies in the literature with pepper yields, as well as the effect of water quality and concentration of nutrient solution for more productive peppers. 
Material and Methods
The experiment was carried out in a greenhouse from March to July 2017, at the Department of Agricultural Engineering at Federal University of Campina Grande, located in the municipality of Campina Grande, PB, at the local geographic coordinates 7˚15'18''S, 35˚52'28''W and altitude of 550 m.
A completely randomized experimental design was used, with treatments arranged in a factorial scheme (6 × 2), with 5 replications, being the treatments composed by the combination of six proportions of wastewater with saline water (50%/50%; 60%/40%; 70%/30%; 80%/20%; 90%10%; 100% of wastewater) and two nutrient solution concentration (80% and 100% recommended by [7] , totalizing 60 experimental units. In the preparation of 1000 liters of this nutrient solution the following salts were used with the respective amounts in grams: hydro special calcium nitrate (750 g); potassium nitrate (500 g); monoammonium phosphate (150 g); magnesium sulphate (400 g); conmicros* (42.5 g) (*mixture of micronutrients for hydroponics).
The experimental units consisted of the low-cost hydroponic system module [8] . Then, after the mixtures of these waters used to compose the treatments, they were combined with the nutrient solution [7] with two concentrations, 80% and 100%. The sowing of the pepper (Capsicum annuum L.) All Big cultivar was in plastic cups of 200 mL, perforated in the sides and bottom, which were filled with 10 g of substrate coconut fiber; the seedlings were irrigated daily, in the morning and in the afternoon, with rainwater up to 33 days after sowing (DAS). At 34 DAS, the germination cups, with seedlings + substrate were placed in the cells according to previously established treatments.
Although biometric variables were analyzed at 55, 68, 82 and 96 DAS, in this study, the data were only presented at 55 and 96 DAS, that is, the beginning and end dates of the pepper crop. Intermediate data were not presented because they are very similar to the others. The biometric variables analyzed were as follows:
plant height (PH), stem diameter (SD), leaf number (LN) and leaf area (LA).
Plant height (cm) was determined from the plant neck to the bifurcation of the last leaf; the SD (mm) was measured in the lap of the plant at 0.02 m from the soil; and counting the number of leaves (units) were considered to be healthy, synthetically active, fully expanded with minimum length of the central rib of 3 cm. The LA was measured by the non-destructive method, using the methodology proposed by [9] according to Equation (1).
on what: Data were analyzed using a statistical software SISVAR [10] . Analysis of variance (ANOVA) was conducted and significance of differences among treatment was tested using the "F" test at a 0.05 and 0.01 probability level. In the cases of significance, interaction or main factors alone, a Tukey test analysis was performed for proportions between saline water and wastewater and Student's t-test for nutrient solution concentrations.
Results and Discussion
The interactions between the factors, the proportion of the water mixtures (P) and the concentration (C) in the experimental units had a significant effect on all biometric variables, plant height, stem diameter, leaf number and leaf area at 55 and 96 DAS. The "P" factor did not affect the SD, LN and LA at 55 DAS and the "C" factor did not affected the PH at 96 DAS and the LN and LA at 55 DAS (Table 1) .
According to the split of the interaction between the water ratios (SW/WW) and nutrient solution concentrations for plant height at 55 days after sowing, it can be observed in Figure 1 that the highest height was reached 7.03 cm using the proportion 30%/70% of the SW and WW waters together with the concentration of 100% of nutrient solution. However, there was no significant difference in the height of the plants cultivated with the 50%/50% and 100% of Means followed by different lowercase letters differ for the SW/WW ratios for the Tukey test at 5% probability and means followed by different capital letters differ from each other for the nutrient solution concentrations for the t test "Student at 5% probability". At the end of the experiment, at 96 DAS, treatments in relation to plant height followed the same behavior in relation to 55 DAS (Figure 1 ). It is observed in this figure that the proportion (10%/90%) with the concentration of 80% of the nutrient solution becomes the best option, since the addition of the wastewater was enough to supply the decrease in the nutrient solution. Silva et al. [11] observed positive effects on the initial growth of "yellow gold" melon seedlings as the concentration of wastewater increased.
It is observed that at 55 DAS (Figure 2 ), the stem diameter varied significantly in proportion (30%/70%) and in (0%/100%), where the concentration of 100% of
Means followed by different lowercase letters differ for the SW/WW ratios for the Tukey test at 5% probability and means followed by different capital letters differ from each other for the nutrient solution concentrations for the t test "Student at 5% probability". Means followed by different lowercase letters differ for the SW/WW ratios for the Tukey test at 5% probability and means followed by different capital letters differ from each other for the nutrient solution concentrations for the t test "Student at 5% probability". However, at 96DAS, plant leaf numbers with 80% of the nutrient solution were higher than those grown with 100% of this solution, with the exception of 50%/50% (Figure 3 ). In this case, the increment of the wastewater was sufficient to overcome the nutritional decrease of 80% of the nutrient solution. These results are of great importance for hydroponic cultivation, since one of the biggest costs of this system is linked to the nutrient solution.
Cuba [13] studied the cultivation of lettuce in hydroponics observed that it was satisfactory the use of wastewater for this crop, whose results suggested a saving of some fertilizers in relation to the formation of nutrient solution.
At 55 DAS the concentration of 100% of the nutrient solution had the best behavior in relation to leaf area (Figure 4) . However, at 96 DAS was the concentration of 80% that had the greatest influence on the leaf area of the plants as occurred in other biometric variables (Figure 4) .
Means followed by different lowercase letters differ for the SW/WW ratios for the Tukey test at 5% probability and means followed by different capital letters differ from each other for the nutrient solution concentrations for the t test "Student at 5% probability". , with concentration of 80% and 100% of the nutrient solution, respectively, however, they were similar according to the treatments.
In general, it can be observed that for the development of plants cultivated with the smallest quantities of wastewater used in the proportions of the prepared waters, it was necessary to add in these mixtures a nutrient solution with a normal concentration (100%), thus supplying nutrient deficiency of water.
However, the increase of the residual water in the water mixtures was sufficient to overcome the nutritional decrease of 80% of the nutrient solution. According to [14] owing green pepper, they observed that the fertilizer value of nutrients in wastewater is generally considered beneficial.
Most of the analyzed biometric variables were better influenced with the water prepared with the proportion of 30%/70% (SW/WW) and 80% of nutrient solution, however, with the use of water prepared with 10%/90% (SW/WW) could also be used in hydroponic cultivation, mainly in the semi-arid regions. Due to the scarcity of good quality water in the semi-arid region, it could use larger quantities of wastewater and consequently smaller amounts of nutrient solution, which reduces the costs of using this solution. However, it is interesting to observe that the excess of ions in the solution used in hydroponics generally reduces CO 2 assimilation, stomatal conductance, transpiration and photosynthesis of plants [15] [16] and, therefore, end up harming the development of crops.
In the last decades, the use of sewage in agriculture has increased, since it has been revealed as a natural source of fertilizers that guarantee good productivity of irrigated crops. However, reuse of domestic wastewater without any treatment before being used in agriculture, can contaminate the environment by concentrating bacteria, parasites and viruses.
Conclusions
The interaction between the concentration of the nutrient solution and the ratio of the saline water with wastewater was influenced in the behavior of peppers (cv. All Big) biometric variables.
The nutrient solution prepared at 80% of its normal concentration had better performance in the development of plants when mixed with the proportions of water containing more wastewater.
The proportion 30% saline water and 70% wastewater (30/70) with concentration of 80% of the nutrient solution obtained better satisfactory results in the
